It is well known that the heat resistance of bacterial spores is influenced markedly by the nature of the medium in which the spores are heated. This fact is an important problem relating to the practical sterilization in bacteriology and in the food industry. Hence voluminous data on the heat resistance of Clostridium botulinum and Clostridium porogenes in various kinds of foods or food juices have been published (Townsend et al., 1938; Reed et al., 1951; Reynolds et al., 1952) . From these data, it can be easily pointed out that the resistance value of a strain in a food is larger than that in phosphate buffer, whereas in another food the resistance value of the same strain is smaller than that in neutral phosphate buffer. Although the pH of the heating media has a marked influence on the thermal death rate of bacteria, it appears that the cause of such a difference in resistance values of a strain cannot be attributed wholly to the variation of pH values of the foods (Sognefest et al., 1948) .
In fact, there are evidences that some of the ingredients of food might exert a protective effect or a death accelerating effect for the organism during the heating. Weiss (1921) reported that the longer survival time was obtained when the spores of C. botulinum were suspended and heated in the foods with the higher sugar concentration. The similar protective effect of sugars on the bacterial spores has been demonstrated by Anderson et al. (1949) and Sugiyama (1951) . Murray and Headlee (1931) found that the presence of peptone in the heating medium had shown sometimes a protective effect for the spores of C. tetani. Recently, Kawai and Tanaka (1952) have shown that several kinds of higher molecular substances, such as gelatin, starch, gum arabic, and alginic acid, have the protective effects for the spores of Bacillus mesentericus and Bacillus brevis. The test organisms used by these workers are relatively less resistant than the most resistant food spoilage bacteria, and the kinds of the substances tested on each strain are rather limited. Thus it seemed important to study the effects of various substances on the most resistant strain.
Using the spores of Cameron's putrefactive anaerobe 3679 (Clostridium sporogenes, ATCC 7955), the effects of various carbohydrates, proteins, and bacterial cells were studied. In the previous papers Amaha (1952a Amaha ( ,b, 1953 has clearly indicated that the thermal death time of spores of certain strains is influenced markedly by the nature of the recovery media. In general the more favorable was the nature of a medium for the development of heated spores, the longer was the survival time. Hence, it should be considered that the substances added in the basal heating medium have the two stages in their action to the spores; the first, during the heating time, and the second, after the substances were transferred in the subculture medium. In this paper an attempt was made to distinguish the two effects, i.e., the first effect, a true protection, and the second effect, a false protection, of each of substances tested.
MATERIAL AND METHODS
Strain. A putrefactive anaerobe, N.C.A. 3679 (listed by the American Type Culture Collection as C. sporogenes, ATCC 7955), was obtained from the National Canners Association. This strain is one of the most resistant among the food spoilage bacteria, and its resistance values are used frequently as the basis of standardizing the thermal processing of nonacid canned food (Stumbo, 1949) .
Culture medium. A liver broth prepared in the following way was used as the sporulating medium and the basal subculture medium. The chopped beef liver was added to the nutrient broth of pH 7.0 in the amount of 330 g of liver per liter of broth. The mixture was heated to 100 C and allowed to boil gently for one hour. The boiled material was filtered through a filter 338 on October 26, 2017 by guest http://jb.asm.org/ Downloaded from paper until the broth was brought up to 1,000 ml. To the broth two g of glucose and one g of dipotassium phosphate were added, and the pH was adjusted to approximately 7.2. In tubing, one-half inch of the previously boiled ground beef liver was introduced into each tube before adding the broth. The tubes were autoclaved for thirty minutes at 121 C. The final pH after sterilization was about 7.0.
Preparation of spore suspension. The tubes of medium prepared as described above were inoculated with 0.2 ml of the stock culture of the test organism. The inoculated tubes were heated then for 15 minutes in a boiling water bath to remove the entrapped air and subsequently incubated at 30 C for a period of 30 days. The resulting culture was strained aseptically through a gauze pad to remove liver particles, and then centrifuged. Amaha, 1953) . Therefore, all experiments were performed in a concentration of 1 X 104 spores per ml of the heating medium. The basal heating was the sterile neutral phosphate buffer. The test substances were dissolved in the buffer and the pH of the solution (suspension) was adjusted to 7.0 by the small amount of a dilute solution of HCl or NaOH. An aliquot of the stock spore suspension was added to the solution' prepared as above to give a final concentration of 1 X 104 spores per ml.
One ml of the suspension was pipetted into each of the thermal death time tubes; these were of hard gla, 8 mm outside diameter, 7 mm inside diameter, and about 70 mm in length. The tubes then were sealed with an oxygen flame, and sets of 20 to 30 tubes were placed in a basket, made of copper screening, for the heat treatment. The basket was immersed completely in a constant temperature oil bath (=0.15 C) equipped with a power stirrer. A correction of 3.5 minutes was allowed for the lag period for the contents of the tubes to reach the temperature of the heating bath (115 C).
At intervals of either 3 or 4 minutes, the basket was opened and tubes in groups of four were removed from the bath and immediately immersed in an ice water bath. The cooled tubes were wiped clean, flamed, and opened; and the tube contents then were transferred aseptically to a freshly exhausted tube of liver broth. The broth was covered then with thioglycolate agar and the tubes were incubated at 30 C. Growth was evidenced by the gas production and the characteristic odor. Since one ml of heating medium is transferred to a liver broth of about 9 ml, the final concentration of each test substance in the subculture medium is about onetenth of that in the heating medium.
Differentiation of the true protective effect and the false protective effect. In order to differentiate the true and the false protective effects of the added substances, the following two experiments of each of the test substances were conducted further in parallel with the first experiment described above. The second experiment was as follows. The 1 X 101 spores of P.A. 3679 were suspended and heated in the neutral phosphate buffer (without any added substance) and then transferred into the liver broth to which 1 These media containing the test substances did not need further sterilization before adding spores since it could be proved that the same survival times could be obtained with and without the previous sterilization of the media to which each of such substances as starch, glucose, pectin, and albumin was added. However, this fact will be rather exceptional, which seems due to the extraordinary resistance of the test organism P.A. 3679 compared with that of the other bacteria which are usually brought into the medium by the test substances.
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MIKIO AMAHA AND KIN-ICHIRO 8AKAGUCHI the same amount of the test substances as in the first experiment had been added aseptically, and were incubated at 30 C. If the test substance exerts its effect only in the subculture medium stimulating the growth of the heated spores and so gives rise to an elongation of the survival time, the same length of the surval time ought to be obtained in both of the first and second experiments.
The third experiment is the control in which the 1 X 104 spores of P.A. 3679 were heated in the phosphate buffer and then subcultured in liver broth without adding any substance. This control should attain to a survival time of 25 minutes at 115 C as reported in a previous paper (Amaha, 1953) . When this control value could not be obtained, all the data in parallel were abandoned, and the experiments were conducted anew. Comparing the three survival time values thus obtained, it could be determined easily whether the added substance acts protective in the heating medium (this is a true protective effect), or the substance exerts a growth stimulating effect in the subculture medium (this is a false protective effect), or the substance has no effect on the spores.
RESULTS
Effects of carbohydrates. The effects of presence of various kinds of carbohydrates on the survival time of P.A. 3679 spores were examined. Contrary to the several workers' results cited before that the higher concentration of sugars has the protective effects, the presence of sucrose, glucose, and glycerol in concentrations from 10 to 50 per cent in the heating medium did not affect the survival time of spores of P.A. 3679. The other carbohydrates such as pectin, gum arabic, glycogen, and dextrin with a concentration of 2.5 per cent in the heating medium also did not show any protective effect. Only the presence of starch in concentrations from 0.25 to 2.5 per cent in the heating medium has elongated slightly the survival time from 25 minutes (control) to 28 minutes. But the same length of survival time could be attained when the spores were heated in the phosphate buffer without any added substance and then subcultured in the liver broth to which the same amount of starch had been added previously.
Consequently, it was decided that the effect of starch was not a true protective effect which should be exerted on the spores during the heating but was a false protective effect which was not exerted in the heating but exerted in the subculture on the heated spores. Foster and Wynne (1948) have found a spore-germination accelerating effect of starch for C. botulinum and have proved that the starch adsorbed the unsaturated fatty acids which were inhibitive for the germination of the spores. Therefore, the effect of starch in this experiment similarly might be a growth stimulating effect for the heated spores of P.A. 3679. Reynolds and Lichtenstein (1950) have reported that the addition of 100 ppm i-ascorbic acid to the heating medium elongated the survival time of Ciostridium sp. In this experiment, however, the presence of i-ascorbic acid as much as 2,500 ppm did not show any effect. Sugiyama (1951) On the other hand, when the spores of P.A. 3679 were heated in plain phosphate buffer and then subcultured in the liver broth which contained the same amount of each of the above effective substances and was sterilized previously by autoclaving for 10 minutes at 15 pounds steam presure, the survival times obtained did not indicate any increase compared with the control value of 25 minutes at 115 C. Therefore, the effect of albumin, peptone, and nucleic acid can be thought to be a true protective effect which exerts during the heating period. Addition of 1.0 to 2.5 per cent L-glutamic acid and also the addition of 1.0 per cent DL-alanine did not show any effect. However, when a mixture of Effects of the presence of bacterial cells. Lange (1922) found that the survival time of staphylococci and Escherichia coli subjected to heat can be doubled or even tripled by the addition of heat killed cells of the same species. The similar protective effect of dead celLs for living cells also was observed by Behrens (1923 ), Htickel (1926 , and Kimata and Nito (1934) . All of these data, however, were of nonsporeforming bacteria. Recently, Sugiyama (1951) reported that the addition of large numbers of living vegetative cells of C. botulinum, either heat killed or unheated, and the addition of heat killed spores of the same strain did not affect the heat resistance of C. botulinum spores. Experiments were conducted to examine the effect of the presence of the bacterial cells of the other species upon the survival time of P.A. 3679 spores. The five aerobic nonsporeforming bacteria were cultured on nutrient agar slants for 3 days at the optimum temperature for the growth of each. The spores of BaciUus natto (a variant of B. subtil) were harvested from the nutrient agar slants after incubating for 7 days at 37 C. Cells of Torula utilis were obtained by culturing the organism on "Koji" agar slants for 3 days 342 [VOL. 68 on October 26, 2017 by guest http://jb.asm.org/ Downloaded from at 30 C. The cells obtained were suspended in neutral phosphate buffer, centrifuged and resuspended in the buffer, and then the cell concentration of each suspension was determined by means of a haemacytometer. To the living cell suspensions the spores of P.A. 3679 were added so as to give a concentration of 1 X 104 spores per ml, and the survival times of the spores were measured at 115 C. At first, the effects of the presence of 1 x 108 cells of the organisms were tested. But no effect could be observed except with the cells of torula which is about 100 times as large in cell volume as the cells of the other five noneffective bacteria. Then, increasing the concentration of living cells to be added to the heating medium to a very large concentration, as large as several billion cells per ml, the protective effects for P. Effects of the pre8ence of heat denatured proteins. In the previous experiments, albumins have shown a marked protective effect at 115 C, but the albumins appeared to have been denatured (coagulated) already in the heating medium at the time when the temperature of the medium had reached to 115 C. Hence, the albumins previously heat denatured also seemed to have the protective effects. To clarify this (Amaha, 1953) , the same length of survival time (35 min) can be obtained when the spore concentration of P.A. 3679 in the heating is increased to 1 X 106 spores per ml. The facts seem to give some clue to the cause of increasing surv'ival time with the increasing spore concentration.
In the previous papers, Amaha (1952a Amaha ( ,b,c, 1953 has confirmed that the cause of death of spores by heat is the destruction of a protein molecule in the cell which controls each metabolic system to synthesize cell materials from the nutrients given. The mechanism of protection by the three effective substances, albumin, peptone, and nucleic acid, and by living bacterial cells can be assumed tentatively as follows. The substance added in the heating medium denatures with the heating, consuming in part the energy of activation (or the activated water molecules) which otherwise directly gives rise to the denaturation of protein molecule(s) of the spores, and consequently the rate of the denaturation of the protein molecule(s) of the spore cells, to some extent, decreases and so results in a longer survival time of the spores. This supposition seems to be supported by the fact that the protective effect of albumin decreased when the albumin had been previously heat denatured and also by the fact that the bacterial cells previously heat killed were lost of their protective effects, but the cells killed by grinding could show the same protective effect as the living cells. Among the nitrogen compounds tested, albunmin, peptone, and nucleic acid showed a true protective effect, but the protective effects decreased or disappeared as their concentration was reduced from 2.5 per cent to 0.25 per cent. The presence of the living cells of some of the other bacteria also could exert a protective effect. However, a very large concentration of living cells, as large as 4 X 109 cells of Staphylococcus aureus or 5 X 107 cells of Torul utilis per ml, was needed to elongate the survival time of 1 X 104 spores of P.A. 3679. The heat killed cells of the same species did not show the protective effect. The heat denatured albumin was found to have also the protective effect, though it was not so marked as the native albumin. The mechanism of the protective action of effective substances was discussed.
